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REPLACEABLE FACEPLATES FOR
PERIPHERAL DEVICES

RELATED APPLICATIONS

This application 1s a continuation-in-part (CIP) of prior
U.S. Pat. application Ser. No. 091782,575, filed on Feb. 13,
2001, now U.S. Pat No. 6,595,780 and prior U.S. patent
application Ser. No. 09/823,714, filed on Mar. 30, 2001, now
U.S. Pat No. 6,686,904, the benefit of both filing dates of

which 1s hereby claimed under 35 U.S.C. § 120, and the
specifications and drawings of which are hereby specifically
incorporated herein by reference.

FIELD OF THE INVENTION

The present invention generally relates to a method and
system to detect which of a plurality of modules 1s installed
in or on an electronic device to select a corresponding
functional behavior that will be applied when using the
clectronic device, and more specifically, pertains to the use
of a plurality of sensors to i1dentify a faceplate installed on
a peripheral device and 1n response, automatically activating
appropriate key functions corresponding to the installed
faceplate.

BACKGROUND OF THE INVENTION

Electronic keyboards and other electronic devices often
include a number of different groups of keys, each group
being intended for related, but different functions. For
example, computer keyboards typically have a group of
alphanumeric keys arranged 1n a predefined configuration,
such as that used in conventional QWERTY or Dvorak
conflgurations, that enable a user to mput text into a host
computer. Computer keyboards also typically include a
group of numeric keys that are spaced apart from the
alphanumeric keys to enable the user to more conveniently
enter numbers with one band, e.g., in connection with
accounting operations. A number of other key groups
include editing keys (e.g., delete, insert, home, end, page up,
page down, etc.), navigation keys (e.g., cursor controlling
arrow keys), action keys (e.g., escape, print screen, scroll
lock, etc.) and hot keys (e.g., email, browser, calculator,
etc.). The individual keys of these key groups typically
include a decal or other marking that identifies the
function(s) of the key. However, computer keyboards further
typically include a group of 10 or 12 assignable function
keys that are not 1dentified as performing a specific function.
Instead, these function keys are usually simply marked with
generic labels, such as F1-F12. The function keys can be
assigned different functions by the user or by software
applications that are executed on the computer to which the
keyboard 1s attached. This ability to reassign the functions of
the function keys makes them wversatile, but the generic
labels do not indicate the functions that are currently
assigned to each of the function keys.

To help users remember the functions that are assigned to
the function keys, paper or plastic templates have sometimes
been provided to be placed around the function keys. The
templates are labeled (by the manufacturer or by the user) to
indicate the function that 1s associated with each function
key. For a commercial software application, the template
that 1s supplied will indicate functions that are automatically
assigned by the software application. Self-made templates
require the user to write an indication of the function key
assignments and initiate the assignment each time that the
self-made template 1s employed. In any case, both pre-
manufactured templates and self-made templates often slip
out of position, become damaged or torn, or are misplaced
by the user.
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A few other approaches have been employed to assign and
identity keys on a keyboard. One approach includes placing

an overlay over a pressure sensitive panel; an example of
this approach i1s the INTELLIKEYS® panel produced by
IntelliTools, Inc. Each of a number of overlays include
graphic indications of the functions available via the overlay.
Each overlay 1s identified by a bar code that 1s read by the
panel when an overlay 1s 1nstalled 1nto a slot over the panel.
A user presses on a graphic of the installed overlay to
implement the desired function that 1s associated with that
oraphic and the corresponding bar code 1dentifying the
overlay. However, this approach requires that a pressure
sensitive panel be used, which 1s more costly and more
casily damaged than a conventional keyboard.

Another approach places a mechanical device over a
conventional keyboard, and actuates the keys of the key-
board with movable members of the mechanical device. For
example, a toy train keytop playset distributed by Gullane
(Thomas) Ltd. can be placed on a conventional keyboard to
identify functions of the keys that are specific to a train
driving computer game. Rather than trying to remember
which keyboard keys perform a function of the computer
game, a user can actuate mechanical levers on the playset,
such as a throttle, which mechanically actuate specific keys
on the underlying keyboard. The computer game software
interprets the key actuations to perform functions associated
with the mechanical levers. However, each mechanical
system 1s dedicated to a different specific software
application, 1s susceptible to slipping, and requires more
movable parts, which mtroduces more failure points.

It 1s desirable to provide a more flexible device that uses
a common set of switches to accomplish a variety of
different functions associated with each of a plurality of
different modules. Utilizing a single keyboard base with a
variety of removable modules should help to reduce costs of
such an approach, because the keyboard base unit 1s used
with all of the modules and includes all of the electronic
circuitry, and less expensive, removable modules can be
used to 1dentify a wide variety of alternate sets of functions.
Currently, no modules having this flexibility are available.

SUMMARY OF THE INVENTION

The present mvention provides a method and system for
automatically determining which one of a plurality of func-
tions 1s to be associated with a movable member of an
clectronic device, depending on which one of a plurality of
faceplates 1s coupled to the electronic device. A user can
couple a selected faceplate to a keyboard or other electronic
device with movable members such as keys, buttons, knobs,
ctc. Preferably, the faceplate includes graphics 1llustrating
the function of each movable member. The faceplate can
also include the movable members, which can interface with
switches, sensors, transducers, or other sensors of the elec-
tronic device to indicate a state of each movable member.
The selected faceplate also interfaces with one or more
faceplate sensors that automatically detect which faceplate 1s
coupled to the electronic device. Preferably, the faceplate
sensors detect protrusions or other configuration character-
1stics of each faceplate to 1dentify which faceplate 1s coupled
to the electronic device. Based on the state of the faceplate
sensors, the electronic device preferably selects a predefined
code, such as a PS/2 scan code, that represents the coupled
faceplate, and which 1s communicated to a host device.
Consequently, a function 1s associated with each movable
member based on the coupled faceplate.

Another aspect of the invention i1s more specifically
directed to a keyboard that can be coupled to a host
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computing device to communicate a predefined code indi-
cating which one of a number of faceplates 1s coupled to the
keyboard. Correspondingly, the predefined code indicates
one of a number of functions to be associated with a key of
the keyboard. The keyboard includes at least one key, a
faceplate detector, a memory, and a processor that selects the
predefined code as a function of a state of the faceplate
detector. The processor communicates the predefined code
as an output signal that conforms to a keyboard communi-
cation protocol, such as PS/2 or universal serial bus (USB).
Another aspect of the mnvention comprises a machine read-
able medium disposed in the keyboard for storing machine
readable instructions that cause the processor to automati-
cally detect which faceplate 1s coupled to the keyboard. A
further aspect of the invention comprises a machine readable
medium storing machine readable instructions that cause a
host computing device to associate one of a plurality of
functions with a key, based on the detected faceplate, so that
the one associated function i1s performed in response to
actuation of the key.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same becomes better understood by reference to the
following detailed description, when taken 1n conjunction
with the accompanying drawings, wherein:

FIG. 1 1s a functional block diagram illustrating an
exemplary computing system for use with the present inven-
tion and includes a general purpose computing device 1n the
form of a conventional PC;

FIG. 2 1s a functional block diagram 1llustrating a system
employed 1n a keyboard for detecting a faceplate and
communicating an 1dentifier of the faceplate to a PC;

FIG. 3 1s a plan view of keyboard illustrating a faceplate
installed over a plurality of typical function keys;

FIG. 4 1s a partial front view of a faceplate over function
keys;
FIG. 5 1s a flow diagram 1llustrating the logic used by the

keyboard procssor to select a PS/2 scan code to represent a
faceplate identification (ID); and

FIG. 6 1s a flow diagram 1llustrating the logic that a host
computing device uses when processing keyboard faceplate
scan codes.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Exemplary Operating Environment

FIG. 1 and the following discussion are intended to
provide a brief, general description of a suitable host com-
puting device with which the present invention may be used.
Although not required, the present mvention will typically
be used with a host computing device that executes com-
puter instructions, such as program modules. These com-
puter mstructions are executed by a processor 1n the host
computing device computer. In addition, the keyboard
includes a processor that executes machine instructions to
fransmit coded signals to the host computing device to
identify an installed faceplate and indicate activation of a
key associated with a faceplate. For exemplary purposes, the
following description will primarily discuss selection and
transmission of PS/2 scan codes. However, those skilled 1n
the art will recognize that USB human interface device
(HID) reports, or other coded signals can be used.
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Generally, program modules 1mplemented on the host
computing device (some of which will be used in connection
with the present invention) include routines, programs,
objects, components, data structures, etc. that perform par-
ticular tasks or implement particular abstract data types.
Moreover, those skilled 1n the art will appreciate that this
invention may be practiced with other types of host com-
puting devices, including hand-held devices, pocket per-
sonal computing devices, programmable consumer elec-
tronic devices, multiprocessor systems, network PCs, laptop
computers, minicomputers, mainframe computers, and the
like. The invention may also be practiced with computing
devices 1n distributed computing environments that include
remote processing devices linked through a communications
network. In a distributed computing environment, program
modules may be located 1n both local and remote memory
storage devices.

With reference to FIG. 1, an exemplary computing system
for use with the present invention includes a general purpose
computing device 1n the form of a conventional PC 20,
provided with a processing unit 21, a system memory 22,
and a system bus 23. The system bus couples various system
components, including the system memory, to processing
unit 21 and may be any of several types of bus structures,
including a memory bus or memory controller, a peripheral
bus, and a local bus using any of a variety of bus architec-
tures. The system memory includes read only memory
(ROM) 24 and random access memory (RAM) 25. A basic
input/output system (BIOS) 26, containing the basic routines
that help to transfer information between elements within
PC 20, such as during start up, 1s stored in ROM 24. PC 20
further includes a hard disk drive 27 for reading from and
writing to a hard disk, not shown, a magnetic disk drive 28
for reading from or writing to a removable magnetic disk 29,
and an optical disc drive 30 for reading from or writing to
a removable optical disc 31, such as a CD-ROM or other
optical media Hard disk drive 27, magnetic disk drive 28,
and optical disc drive 30 are connected to system bus 23 by
a hard disk drive interface 32, a magnetic disk drive inter-
face 33, and an optical disc drive interface 34, respectively.
The drives and their associated computer-readable media
provide nonvolatile storage of computer-readable machine
instructions, data structures, program modules and other
data for PC 20. Although the exemplary environment
described herein employs a hard disk, removable magnetic
disk 29, and removable optical disc 31, it will be appreciated
by those skilled in the art that other types of computer-
readable media, which can store data that 1s accessible by a
computer, such as magnetic cassettes, flash memory cards,
digital video disks, Bernoulli cartridges, RAMs, ROMs, and
the like, may also be used 1n the exemplary operating
environment. A number of program modules may be stored
on the hard disk, magnetic disk 29, optical disc 31, ROM 24,
or RAM 28§, including an operating system 35, one or more
application programs 36, other program modules 37, and
program data 38.

A user may enter commands and information mnto PC 20
through 1nput devices such as a keyboard 40 that includes
provisions for a faceplate 1n accord with the present
invention, and through a separate pointing device 42. Fur-
ther detail regarding keyboard 40 1s described below with
respect to FIGS. 2 through 4. Other input devices (not
shown) may include a microphone, joystick, game pad,
satellite dish, scanner, or the like. These and other input
devices are often connected to processing unit 21 through an
input/output (I/O) interface 46 that is coupled to the system
bus. The term I/O mterface 1s intended to encompass each
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interface commonly employed on computing devices,
including a serial port, a parallel port, a game port, an
infrared port, a radio frequency port, and/or a USB port (not
separately shown). However, a primary focus of this disclo-
sure 1s on the PS/2 keyboard interface, to which keyboard 40
will normally be coupled and with which 1t will communi-
cate scan codes mdicative of a faceplate coupled to keyboard
40. Alternatively, keyboard 40 can be coupled to the USB
port of the I/0 interface, and 1n this case, will communicate
USB-formatted data indicative of the movement of the
wheel or slider and of the keys depressed on the keyboard.

A monitor 47 or other type of display device 1s also
connected to system bus 23 via an appropriate interface,
such as a video adapter 48, and 1s usable to display Web
pages and/or other information. The keys associated with the
faceplate on keyboard 40 can be used to control predefined
functions of a program running on PC 20 and displayed on
the monitor. In addition to the monitor, PCs are often
coupled to other peripheral output devices (not shown), such
as speakers (through a sound card or other audio interface—
not shown) and printers.

PC 20 may operate m a networked environment using
logical connections to one or more remote computers, such
as a remote computer 49. Remote computer 49 may be
another PC, a server (which is typically configured much
like PC 20), a router, a network PC, a peer device, a satellite
or other common network node, and typically includes many
or all of the elements described above 1in connection with PC
20, although only an external memory storage device 50 has
been 1llustrated 1n FIG. 1. The logical connections depicted
in FIG. 1 include a local area network (LAN)51 and a wide
area network (WAN)S2. Such networking environments are
common 1n offices, enterprise-wide computer networks,
intranets, and the Internet. When used 1n a LAN networking
environment, PC 20 1s connected to LAN 51 through a
network interface or adapter 53. When used in a WAN
networking environment, PC 20 typically includes a modem
54 or other means for establishing communications over
WAN 52, such as the Internet. Modem 54, which may be
internal or external, 1s connected to system bus 23, or
coupled to the bus via I/O device interface 46, 1.c., through
a serial port. In a networked environment, program modules
depicted relative to PC 20, or portions thereof, may be stored
in the remote memory storage device. It will be appreciated
that the network connections shown are exemplary and other
means ol establishing a communications link between the
computers may be used, such as wireless communication
and wide band network links.

Functional Keyboard Component System

Although the mvention can be applied to any electronic
device, FIG. 2 1s a functional block diagram illustrating a
system 60 employed 1n keyboard 40 for detecting a faceplate
70 and communicating an identifier of the faceplate to a PC
20. The 1dentifier of faceplate 70 1s represented by a PS/2
keyboard scan code as a function of the states of faceplate
switches 68. Faceplate switches 68 are activated by pins on
a bottom surface of faceplate 70. A processor 62 1in com-
munication with faceplate switches 68 selects a predefined
scan code representing the installed faceplate. Processor 62
makes the scan code selection by executing machine nstruc-
fions stored 1n a memory 64 that 1s 1n communication with
the processor. Memory 64 comprises ROM or erasable
programmable read only memory (EPROM), and RAM. In
addition to the machine instructions, a plurality of pre-
defined scan codes from which processor 62 can select are
also stored 1n memory 64.
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System 60 also includes a communication interface 66
between processor 62 and a host computing device such as
PC 20, to convey the output signal that includes the selected
scan code. Communication interface 66 may automatically
detect whether to use the PS/2 keyboard scan code protocol,
or the USB protocol, as described above, when the keyboard
1s connected to the host computing device.

Preferred Embodiment of Keyboard & Faceplate

The following describes further details of a preferred
embodiment of the present invention. FIG. 3 1s a plan view
of keyboard 40 1illustrating faceplate 70 installed over a
plurality of typical function keys 72. Unused PS/2 keyboard
scan codes are employed to indicate which of a plurality of
faceplates are 1nstalled. Each faceplate that 1s thus identified
causes the function keys to perform specific predefined
functions that are associated with the faceplate. The face-
plate preferably includes a decal (not shown) that identifies
the predefined function for each key encompassed by the
faceplate. Those skilled 1n the art will recognize that the
faceplate can include keys that are movable relative to a
housing of the faceplate. In this case, the keys are movable
members of the faceplate. Those skilled 1n the art will also
recognize that a faceplate can be installed over conventional
keys of the keyboard to modify the function of the under-
lying conventional keys. For example, different faceplates
can be applied to numeric keys 74 to implement different
functions, such as selected financial calculations, statistical
calculations, etc.

FIG. 4 1s a partial front view of faceplate 70 installed over
function keys 72. Faceplate 70 includes a clip 78 for
securing the faceplate to the keyboard. Faceplate 70 also
includes pins 76a—76¢ that activate faceplate switches (not
shown) in the keyboard. When the faceplate is installed in
the keyboard, a predefined subset of pins 76a—76edepress
the faceplate switches to 1dentily which faceplate 1s
installed. For instance, an office productivity faceplate can
activate a number of predefined functions related to office
productivity software. Alternatively, an email faceplate can
activate a number of predefined functions related to email
software. The number of faceplate switches determines the
number of different faceplates that can be identified. For
example, five faceplate switches enable use of 31 different
faceplates. The specific pins that are present on the faceplate
can also be used to 1dentify a particular faceplate. If pins 765
and 76c¢ are present, the faceplate can be identified by a
decimal 6 corresponding to a sum of binary numbers asso-
ciated with the pins (i.e., 2°+2'=442=6).

Keyboard Processing

FIG. 5 1s a flow diagram 1illustrating the logic used by the
keyboard processor to select a PS/2 scan code to represent
a faceplate ID. At a decision step 80, the keyboard processor
evaluates the faceplate switches to determine whether a
change occurred 1n the state of any of the faceplate switches.
If no change occurred, the keyboard processor continues to
regularly monitor the states of the keyboard switches. If the
keyboard processor detects a change 1n state of any of the
faceplate switches, the keyboard processor detects the face-
plate switch states based on a change 1n the faceplate
installed, at a step 82. At a decision step 84, the keyboard
processor determines whether any of the faceplate switches
have a state of “1.” If none of the faceplate switches have a
state of 1, none of the faceplate switches are activated,
indicating that no faceplate 1s coupled to the keyboard. If all
faceplate switches have a state of “0,” the keyboard proces-
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sor selects a default faceplate scan code, at a step 86,
corresponding to a faceplate ID equal to 0. However, if any
of the faceplate switches have a state of “1,” the keyboard
processor selects a faceplate scan code, at a step 88, corre-
sponding to the faceplate ID indicated by the states of the
faceplate switches. Once a faceplate scan code 1s selected,
the keyboard processor communicates the selected faceplate
scan code through the keyboard communication interface to
the host computing device, at a step 90. The faceplate scan
code can be communicated in accord with any communica-
tion protocol that allows for predefined codes. For example,
the keyboard communication interface may communicate

according to PS/2, USB, RS232, parallel, wireless, or other
protocol.

Host Processing

FIG. 6 1s a flow diagram illustrating logic that a host
computing device uses to process keyboard faceplate scan
codes. At a step 100, the host computing device 1nitializes
keyboard functions, such as storing a default faceplate ID.
At a decision step 102, a keyboard controller of the host
computing device monitors incoming scan codes. When a
scan code 1s detected, the host keyboard controller may
perform some preliminary processing, such as converting,
the scan code from a PS/2 Scan Code Set 1 to Scan Code Set
2. Generally, the keyboard controller would then provide the
scan code to the operating system. Preferably, however, for
faceplate scan codes, a filter driver or a low level keyboard
hook will be provided to intercept the converted scan codes
for the faceplate, and will then process the converted scan
codes mstead of simply passing them onto the operating
system. In a preferred embodiment implemented 1 a
Microsolit Corporation WINDOWS™ operating system 1n
connection with using a faceplate with a software applica-
tion program, the filter driver or hook monitors the incoming
stream of scan codes at a decision step 104. The filter driver
or hook can check for a flag scan code, which indicates that
a faceplate scan code 1s to follow, or can directly check for
a faceplate scan code. So long as conventional keystroke
scan codes are received the logic passes the scan code onto
the operating system and loops, so that the operating system
processes the scan codes (including assigned function key
scan codes) in its normal fashion, at a step 106.

However, when a faceplate scan code reaches the host
computing device, the driver or hook invokes a WIN-
DOWS™ application program interface (API) (e.g.,
SendMessage, PostMessage, SendInput) at a block 108,
which sends a message to a faceplate decision process (or
other activity unrelated to faceplates, depending upon the
use to which the faceplate is being applied), and includes the
faceplate scan code as a message arecument. The faceplate
decision process interprets the intercepted faceplate scan
code, at a decision step 110, to determine whether a change
occurred from a previously stored faceplate ID (or a default
faceplate ID). If a faceplate change did not occur, control
returns to the keyboard controller to await another scan
code. However, 1f a faceplate change occurred, the faceplate
decision process uses the faceplate ID to access a corre-
sponding set of function key assigunents, at a step 112. Once
the function key assignments are accessed, the faceplate
decision process mvokes a WINDOWS™ API to send the
function key assignments in a message to the operating
system and/or appropriate software application. At a step
114, the operating system and/or software application reas-
signs the functions to be associated with conventional 1ndi-
vidual scan codes representing the function keys associated
with the faceplate. The reassignment can be performed with
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control panel APIs, through an extensible markup language
(XML) function key mapping file, or other means for
defining key assignments. Thus, when the host receives a
conventional function key scan code, the operating system
and/or software program will invoke the function reassigned
to the function key scan code rather than the default (or any
previous) function associated with the function key scan
code.

Although the present invention has been described in
connection with the preferred form of practicing it, those of
ordinary skill m the art will understand that many modifi-
cations can be made thereto within the scope of the claims
that follow. For example, a similar process can be applied to
other devices, including pointing devices, game controllers,
or other devices with movable members. Accordingly, it 1s
not mtended that the scope of the mnvention 1in any way be
limited by the above description, but instead be determined
entirely by reference to the claims that follow.

The invention 1n which an exclusive right 1s claimed 1s
defined by the following:

1. A system for automatically enabling one function of a
plurality of functions associated with a key of a peripheral
device, 1n response to one of a plurality of different face-
plates being coupled to the peripheral device, comprising:

(a) a peripheral device including:

(1) a faceplate detector whose state depends on a
selected faceplate from among a plurality of face-
plates being coupled to the peripheral device and
indicates which selected faceplate 1s coupled to the
peripheral device;

(i1) a key associated with the faceplate detector, a state
of the key activating a function that 1s dependent on
the state of the faceplate detector;

(i11) a peripheral device communication interface for
communicating the state of the faceplate detector and
the state of the key;

(iv) a peripheral device processor in communication
with the faceplate detector, the key, and the periph-
eral device communication interface; and

(v) a peripheral device memory in communication with
the peripheral device processor, said peripheral
device memory storing a plurality of predefined
faceplate codes, a key code associated with the key,
and machine instructions that cause the peripheral
device processor to perform a plurality of function,
including:

(A) determining the state of the faceplate detector;

(B) selecting a predefined faceplate code from
among the plurality of predefined faceplate codes
as a function of the state of the faceplate detector;
and

(C) communicating the predefined faceplate code
that was selected, through the peripheral device
communication interface; and

(b) a host computing device including:

(1) a data port in communication with the peripheral
device communication interface;

(i1) a host processor in communication with the data
port; and

(i11) a host memory in communication with the host
processor, said host memory storing a plurality of
functions, each function being associated with a
different one of the plurality of predefined faceplate
codes, and machine instructions that cause the host
processor to perform a plurality of functions includ-
Ing:
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(A) receiving the predefined faceplate code that was
selected; and

(B) associating one function from among the plural-
ity of functions with the key 1n response to the
predefined faceplate code that was selected, each
function in the plurality of functions enabling the
host processor to perform a different function
based on the state of the key.

2. The system of claim 1, wherein the predefined faceplate
code 1s communicated according to one of a PS/2 protocol
and a universal serial bus protocol.

3. The system of claim 1, wherein the state of the faceplate
detector depends on a configuration of the selected faceplate.

4. The system of claim 1, wherein the machine 1nstruc-
tions stored 1n the host memory further cause the host
processor to perform the function of accessing the one
function from one of:

(a) a set of functions defined by a software application
program executed by the host processor; and

(b) a set of functions defined by a user.

5. A method for automatically enabling one function of a
plurality of functions associated with a key of a peripheral
device, 1n response to one of a plurality of different face-
plates being coupled to the peripheral device, comprising the
steps of:

(a) enabling a user to couple a selected faceplate from
among the plurality of different faceplates to the
peripheral device;
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(b) automatically detecting the selected faceplate that has
been coupled to the peripheral device from among the
plurality of different faceplates, by detecting a state of
at least one faceplate switch that interacts with the
selected faceplate that 1s coupled to the peripheral
device;

(¢) selecting a predefined code as a function of the state
of said at least one faceplate switch that 1s detected;

(d) communicating the predefined code to a host comput-
ing device to enable the one function corresponding to
the selected faceplate to be associated with the key; and

(e) associating the one function with the key, so that said

one function 1s performed 1n response to actuation of
the key, a different function being associated with the
key for each different faceplate detected, so that a
functional behavior associated with the key 1s depen-
dent upon the faceplate that 1s coupled to the peripheral
device by the user.

6. The method of claim 5, wherein the predefined code 1s
communicated according to one of a PS/2 protocol, a USB
protocol, a sertal communication protocol, a parallel com-

munication protocol, and a wireless communication proto-
col.
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